Objective: This study compares the positive predictive value (PPV) and negative predictive value (NPV) of focused assessment with sonography in trauma (FAST) versus abdominal-pelvic computed tomography scans (CTAP) after blunt abdominal injury as well as the need for abdominal surgery. We also sought to determine if any false negative ultrasound studies were associated with significant morbidity. The results were compared with other studies. Design: Retrospective cross-sectional study. Setting: A tertiary hospital. Methods: Cases were retrieved from the trauma registry and electronic medical records in a tertiary hospital in Singapore over a two year period from 1 January 2009 to 31 December 2010. Exclusion criteria included penetrating trauma and burns. The sonographic finding, computed tomography finding, and the outcome of the patients were retrieved. Diagnostic characteristics including predictive values were calculated. Results: A total of 476 patients were enrolled. Four hundred fifty-nine patients had FAST performed with fifty (10.9%) being positive. Forty-nine patients (21.7%) out of 226 patients had CTAP which showed abnormalities and nineteen (4.0%) patients underwent surgery. Comparing FAST to detect abnormalities on CTAP, the PPV and NPV were 0.590 and 0.863 respectively. Comparing FAST with the need for surgery, the PPV and NPV were 0.280 and 0.990 respectively. Four patients (0.98%) had negative FAST but required surgery. There were no significant adverse outcomes or surgical intervention in patients with normal vital signs, normal initial physical examination and negative FAST findings but who did not have a CTAP. Conclusions: In patients with an initial normal physical examination and negative FAST, emergent CTAP may be avoided. (Hong Kong j.emerg.med. 2014;21:230-236) 目的：本研究比較了創傷超聲重點評估( FAST )與腹腔 / 盆腔 CT 掃描( CTAP )，在腹部閉合性損 傷的陽性預測值( P P V )和陰性預測值為 0.280 和 0.990 。四名病人( 0.98% ) FAST 檢查為陰性，但需要手術治療。生命體徵和初始體檢正 常， FAST 檢查陰性並且有 CTAP 的患者，沒有一個有重大的不良後果或需要手術干預。結論：初步體 檢正常和 FAST 檢查陰性的患者，無須接受緊急 CTAP 。
Introduction
Over the last three decades, focused assessment with sonography in trauma (FAST) has emerged as one of the important tools used in the assessment of the trauma patient in most trauma centres world-wide. It is a bedside imaging modality that gives the emergency physician or trauma surgeon information to guide the management of major trauma patients. The use of ultrasound (US) in trauma has gained increasing acceptance among trauma surgeons and emergency physicians. Along with this, ultrasound technology and its resolution, portability and affordability have also improved and it will be difficult to ignore this diagnostic tool. The rapid, non-invasive, portable nature of ultrasound evaluation makes it particularly valuable and has replaced diagnostic peritoneal lavage (DPL) to a large degree in the detection of intraabdominal bleeding in blunt abdominal injury in our trauma centre. However in an era where computed tomography (CT) scans are readily available and conservative management of solid organ injuries is being practised, is the finding of intraperitoneal fluid by FAST still useful in the management of the multiply injured patient?
The aims of this study were to: 1. Compare the positive predictive value and negative predictive value of FAST versus abdominal-pelvic CT scans (CTAP) in the detection of intraabdominal abnormalities after blunt abdominal injury. 2. Compare the positive predictive value and negative predictive value of FAST versus the need for abdominal surgery. 3. Determine if any false negative ultrasound studies were associated with significant mortality or morbidity e.g. unexpected laparotomy.
4.
Compare the positive predictive value, negative predictive value and accuracy of FAST as used by our local emergency physicians and surgeons compared with those from other studies performed abroad.
Methods
This was a retrospective review of the trauma records in a tertiary hospital with 24-hour cardiothoracic and neurosurgical capability in Singapore from 1 January 2009 to 31 December 2010. Exclusion criteria in clu ded pen etr ating tra uma an d bu rns . The emergency department prospectively kept a file on all trauma patients requiring resuscitation. The identities of trauma patients who presented to the emergency department resuscitation room were acquired from the file and verified with the hospital's trauma registry. The performance of ultrasound was a mandated field in the trauma registry. Further relevant information was obtained through the hospital's electronic medical records system. If the required data was not available electronically, the paper case files were traced from Hospital Information Management System.
The Statistical Package for the Social Sciences (SPSS 17.0) database was used for data management and analysis.
Data fields collected included the age of the patient, gender, mechanism of injury, whether FAST and CTAP were performed and their results, whether there was surgical intervention, disposition and readmission of the patient.
Missing data were coded separately and were excluded from statistical analysis. Where there was conflicting or ambiguous data, the findings in the patient's paper case records were traced and its results were entered as the final data.
The study was approved by the Institutional Review Board.
Results
Out of the 476 patients who were enrolled, three hundred and eighty-nine (81.4%) were male and the mean age was 38.9 (SD=16.2) years. The most common mechanisms of injury were motor vehicle incidents and falls from heights of greater than 3 metres (Table 1) . A total of 459 patients had a FAST performed of which 221 also had CTAP done. Among the 17 patients who did not have FAST done, five had abdomen-pelvis CT scans done ( Figure 1 ). Of the 459 patients who had FAST performed, fifty (10.9%) were positive. Forty-nine patients (21.7%) out of 226 patients had CTAP which showed abnormalities ( Table  2 ) and nineteen (4.0%) patients underwent abdominal surgery (Table 3) .
Comparing FAST to detecting abnormalities on CTAP, the positive predictive value (PPV) was 0.590 (95% confidence interval [CI] 0.422, 0.740) and negative predictive value (NPV) was 0.863 (95% CI 0.802, 0.907) ( Table 2 ). Comparing FAST with the need for abdominal surgery, the PPV was 0.280 (95% CI 0.167, 0.427) and NPV was 0.990 (95% CI 0.973, 0.997) ( Table 3 ).
There were four patients (0.98%) who had a negative FAST result but who required abdominal surgery ( Table 4 ). The first patient was a 28 year old male who fell from a height of less than 3 metres. He remained haemodynamically stable and FAST was negative. However, he had persistent abdominal pain and CTAP was performed for him. He did not have any injury associated with his fall, but had the incidental finding of a perforated appendix. The second patient was a 38 year old man who fell from a height of more than 3 m. He was normotensive, but tachycardic. In view of the nature of injury and tachycardia, CTAP was performed. It showed splenic rupture. Our third patient was a 33
year old man who also fell from more than 3 metres. Serial US were negative, but DPL was positive. This was performed as the patient was persistently hypotensive. He had a laparotomy done immediately without prior CT abdomen. He was found to have a large haematoma at the root of the mesentery and serosal tears. There was no solid organ injury. The last patient was a 70 year old man who was a pedestrian involved in a motor vehicle incident. He was hypotensive and although FAST was negative, he had a laparotomy done without any prior CTAP. He was found to have splenic and liver lacerations.
Discussion
Rapid assessment of patients with blunt abdominal injury by ultrasound to complement physical examination has almost entirely replaced the DPL in the detection of intraabdominal bleeding in our trauma centre. However, computerised tomographic examination can now be completed in minutes and even pick up small lacerations before any discernible fluid can be picked up on FAST. In the haemodynamically stable patient, performing CTAP in such patients may even allow them to be discharged from the emergency department due to its high negative predictive value. 1 In view that CTAP has a much higher sensitivity (92-98%) and specificity (99%) 2 as compared to FAST (sensitivity 73-88%, specificity 98-100%), 3 we wanted to evaluate if ultrasound would still be reliable and u s e f u l i n t h e m a n a g e m e n t o f t h e m u l t i p l y injured patient with blunt abdominal injury in our centre.
FAST has its advantages such as being cheaper, even less time consuming than CT and no radiation or contrast risk. In our centre, all FAST were performed by non-radiologist physicians with variable experience in performing FAST. In a Cochrane study of four randomised controlled studies using ultrasound to aid diagnosis of patients with blunt abdominal injury, the authors found that the use of ultrasounds reduced the number of CT scans ordered, but due to the low sensitivity of ultrasound, the conclusion was that having clinical pathways using ultrasound to diagnose patients with suspected blunt abdominal injury was not justified. 4 In another review of the use of DPL or FAST as a screening test before CT abdomen in similar patients, the use of CT was reduced and the rate of missed injuries was not higher in patients who underwent DPL but not FAST. The authors thus did not recommend using FAST as a screening test to reduce the use of CT. 3 Our results are comparable to other studies 5-11 except for a lower PPV (Table 5 ). However, there was no surgical intervention or bad outcomes in the patients with normal physical examination and negative FAST but with a positive CTAP result. We have a higher rate of false positives as compared with other studies comparing FAST with CT abdomen. The variation in results has been recognised to be operator dependent. 12 We had sensitivity of 0.479, specificity of 0.908 ( Table  2 ).The cause of this was not known although it could be related to our department's varying operator experience, physiological fluid or hypoechoic fat or some other misleading structures. As we used US as a screening examination, we tended to further evaluate any suspicious abnormalities with CT. In some reports, the cause of false positives was unknown or due to normal physiological fluid. 13, 14 The causes for false negatives were often due to gastrointestinal injury or isolated organ injur y where there was minimal abdominal fluid. 15 In our study, we found a high NPV for abnormal CTAP results and need for surgery. A study by Eanniello had only 16% of patients with positive CT findings who required a laparotomy. 16 Branney 17 found a 58% reduction in the use of CT using a protocol where haemodynamically unstable patients or those with signs of peritonitis with positive US findings underwent laparotomy, but those with negative US and normal physical examination were admitted for observation. The rate of missed injuries was not reported higher in those who did not have a CT. 3 It also had no impact on the duration of hospitalisation. 4 Likewise, we might translate to our patients performing CTAPs. In our series, patients with false negative FAST who required laparotomy were haemodynamically unstable, except for a patient with an incidental finding of a perforated appendix. Since there was no surgical intervention or bad outcomes in the patients with positive CTAP and negative FAST, having a clinical pathway using ultrasound may prove to be useful and justified in our hospital's setting. Such may include a period of observation in the haemodynamically stable patient with at least one serial FAST examination for followup. 18, 19 This will be favourable as a FAST scan can be done in a shorter time, without any ionising radiation and contrast associated adverse effects. Furthermore in some institutions, the room with the CT scanner may be located a distance from the trauma resuscitation room and may not have full resuscitation capabilities. However, in centres where false negative US resulted missed injuries and thus a high rate of exploratory laparotomy (37%), 20 CT may still be the preferred investigative tool before deciding on conservative or operative management. It may also depend on the centre's threshold for surgical intervention as nonsurgical conservative management is preferred in some trauma centres even where there is visceral trauma in a haemodynamically stable patient regardless of injury grade or degree of haemoperitoneum. 21 In our centre, only one percent of patients had a negative FAST requiring laparotomy eventually. Therefore we believe that there is a role for the use of ultrasound to assess the need for emergent laparotomy and reduce the need for CTAP. Clear credentialing procedures such as nationally recognised ultrasound courses for the emergency physicians and trauma surgeons should be implemented to improve the sensitivity of FAST. 22, 23 
Limitations
In the emergency depar tment, the emergency physicians and trauma surgeons performing FAST have varying operator skills and the diagnosis may not be as accurate as those performed by experienced radiologists. This was a not diagnostic trial. Not all the patients with FAST had CTAP done and vice versa. As such, there was no standard confirmatory gold standard test. The abstractors were two investigators of the study and hence were not blinded to the nature of the study. However the data elements collected were wholly objective. The number of patients enrolled in our study was quite few in comparison to other studies. The patients that were enrolled in the study were based on the prospectively kept emergency department's trauma file and the trauma registry database. The number of missed cases was likely to be very few if any.
While the patients were tracked for readmission, they were not followed up for long term outcomes. Less severe injuries may have been missed if the patient had improved clinically. However it was unlikely that any of the patients that did not undergo laparotomy had any significant morbidities that were left undetected. Branney et al 17 had followed his cohort of patients for 6 months an d there were no missed injuries.
Conclusion
In our study, FAST had a high NPV for abnormal CTAP results and need for surgery. Therefore we recommend that in patients with an initial normal physical examination and negative FAST, emergent CTAP may be avoided and that observation with serial physical examination and FAST should be the next step in the further evaluation of the patient. By reducing the need for CTAP in this group of patients, we can limit the patients' exposure to ionising radiation, risk of contrast induced adverse events and cost of investigations.
